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 This study aims to examine the effect of e-scaffolding in blended learning on 
pre-service teachers' scientific explanation abilities as well as to find out the 
patterns of scientific explanation of pre-service teachers who learn by e-
scaffolding in blended learning. This study employed mixed-method with 
concurrent embedded design. Quasi-experimental research design in the form 
of a one-group pretest-posttest control group design was used as a quantitative 
approach, whereas the learning process and scientific explanation patterns 
were described in a qualitative approach. The population of this study was 
152 elementary school pre-service teachers of a state university at Malang, 
while the sample was 24 elementary school pre-service teachers in the seventh 
semester. The sample selection technique in the study was purposive 
sampling. The instrument used for measuring scientific explanation abilities 
was problem descriptions. The quantitative data were analyzed using the t-
test, while qualitative data were analyzed using descriptive method. The 
finding of the study indicated that pre-service teachers' scientific explanation 
improved after learning with e-scaffolding in blended learning. The pre-
service teachers were able to explain the relationship between theory and 
problems very well. The recommendation for future research, it is crucial to 
investigate the characterization of scientific explanation. 
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INTRODUCTION  
Science is not only about facts and 
concepts, but also involves ways of thinking 
and explaining scientifically. The ability to 
reason scientifically in science is different 
from the explanation abilities used in 
everyday life. The indicator of scientific 
explanation in science consists of explaining 
the facts that exist in a problem (claim), 
connecting these facts with related concepts 
(evidence), and explaining the problem 
scientifically (Loper et al., 2019). When a 
scientist explains a phenomenon, the first 
step taken is to build a claim, then provide 
evidence and reasons to justify their 
statement (González-Howard et al., 2017; 
McNeill et al., 2018). 
The ability of scientific explanation is a 
crucial ability for a pre-service teacher or 
prospective teacher. Scientific explanation 
ability is expected to be taught in class as a 
provision for students to face the challenges 
of globalization. Students' scientific 
explanation ability is very dependent on the 
ability of the teacher to develop learning that 
can train their explanation ability (Gunawan, 
2016). Thus, the scientific explanation ability 
of a pre-service teacher should be good, to be 
able to practice the scientific explanation 
ability of students. 
34  Jurnal Ilmiah Pendidikan Fisika Al-BiRuNi, 9 (1) (2020) 33-40 
 
Our observation on August 12, 2019, at 
Universitas Islam Negeri Maulana Malik 
Ibrahim Malang found that the ability of 
scientific explanation for elementary school 
pre-service teachers were not yet developed. 
Pre-service teachers still did not fully 
understand the concepts of science. Most of 
them were correct in explaining the facts that 
exist in a problem. However, they were 
confused when they were asked about the 
reasons for their answers (Probosari et al., 
2016; Rofiki et al., 2017a). In general, pre-
service teachers were able to explain claims 
and evidence well. However, they feel 
difficulty in making an explanation 
(Nurhayati et al., 2016).  
One strategy that can optimize pre-service 
teachers’ linking between concepts is 
scaffolding. Scaffolding can help them 
explain the interrelationships between 
concepts (Campbell, 2016), compile claims, 
evidence, and explanation, to develop their 
scientific explanation abilities (McNeill et 
al., 2006). By using scaffolding, students also 
more easily explain a problem, starting from 
an understanding problem, connecting 
among concepts, and giving a reason to 
answer why a problem occurs (McNeill et al., 
2006). Scaffolding is a way to help students 
build arguments based on the available 
evidence (Sengul, 2019). Therefore, 
scaffolding can develop scientific 
explanation abilities. 
Nowadays, technology is increasingly 
developing and influencing human life. The 
development of technology also has an 
impact on various fields, one of which is 
education. As technology grows more 
rapidly, technology and media in learning 
even begin to build. One of them is the use of 
blended learning, which is a combination of 
offline and online learning (Talwar, 2020). 
With the right technology, learners can have 
a socially supported, exploratory learning 
experience literally at their fingertips. 
Blended learning provides a pivotal avenue 
to enhance learning outcomes, and fully 
equip students to address 21st century 
educational needs (Abah et al., 2017; Law et 
al., 2019). 
Successful technology integration is 
achieved when the use of technology is 
routine and transparent, accessible, and 
readily available for the task at hand, 
supporting the curricular goals and helping 
students to achieve their own goals 
effectively. Tech-augmented learning, such 
as e-scaffolding, seeks to deploy 
technological tools that are a seamless part of 
the learning process, almost a second nature 
to ordinary classroom activities. When tech 
tools are readily available and efficiently 
blended into instructional activities, the 
outcome is often active engagement of 
learners and the provision of the opportunity 
to build a deeper understanding of content 
(Agbo-Egwu et al., 2018).    
Blended learning is perfectly matched 
with scaffolding. Pre-service teachers’ 
performance who learn in blended learning 
with scaffolding is more optimal compared to 
those who do not use scaffolding (Kim et al., 
2018). It is caused by the environment 
formed in blended learning that can help 
them to connect between concepts and 
improve their understanding of concepts 
(Alrushiedat, & Olfman, 2019; Deschacht & 
Goeman, 2015; Hwang et al., 2019). Thus, it 
is necessary to investigate further the ability 
of scientific explanation of pre-service 
teachers in blended learning with e-
scaffolding. 
A scientific explanation is a crucial issue 
that needs to be investigated immediately. 
Scientific explanation Several previous 
studies have investigated scientific 
explanations or scientific arguments (De 
Andrade et al., 2019; Gilles & Buck, 2019; 
Herman et al., 2019; Koppal et al., 2020; Lee 
et al., 2019; Oktavianti et al., 2018; Pallant & 
Lee, 2015; Wagner et al., 2020). The results 
of those studies show that good student’s 
scientific explanations support in-depth 
understanding, and the provision of 
scaffolding by educators can develop 
students' scientific explanations. However, 
there are few studies on scientific 
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explanation and scaffolding associated with 
technology. Whereas e-scaffolding is 
significant to develop scientific explanations. 
Our research use e-scaffolding to reveal the 
scientific explanation of pre-service teachers. 
We integrate a worksheet on e-learning that 
provides procedural e-scaffolding to assist 
pre-service teachers in solving problems. 
This study aims to investigate the effect of 
blended learning with e-scaffolding on the 
ability of scientific explanation of pre-service 
teachers as well as to understand the pattern 
of scientific explanation ability of pre-service 
teachers who learn using e-scaffolding in 
blended learning. The results of this study 
can be used by educators to design learning 
tools and learning strategies that can develop 
students' scientific explanations. Also, the 
results of this study can be used as a source 
of information for other researchers who are 
interested in investigating the topics of 
scientific explanation, e-scaffolding, and 
blended learning. 
 
METHODS  
This study employed a mixed-method 
with a Concurrent Embedded Design, a 
research method that combines quantitative 
and qualitative approaches (Creswell & 
Creswell, 2018). However, in this study, the 
weight of the quantitative approach was 
greater than the qualitative approach. The 
study used a quasi-experimental research 
design in the form of a one-group pretest-
posttest control group design as a 
quantitative approach. A qualitative 
approach was used to describe the learning 
process and scientific explanation patterns. 
The study scheme is presented in Figure 1. 
 
 
 
 
 
 
 
 
 
 
Figure 1. The study scheme 
The design of learning in this study was 
carried out in blended learning, which also 
involved scaffolding. The teaching was 
carried out in blended learning using e-
learning. We designed e-learning that 
engaged scaffolding to help pre-service 
teachers if they are unable to understand the 
concept or experience some difficulties in 
solving a problem. In e-learning, we 
constructed three materials, namely motion, 
force, and energy. We also provided video, 
the content both on PDF and PowerPoint, 
discussion forum, and evaluation in every 
material. For example, the e-learning display 
on motion material is presented in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. E-learning display on motion material 
 
The population of this study was 152 
students of pre-service teachers at 
Universitas Islam Negeri Maulana Malik 
Ibrahim Malang. The sample was selected 
according to needs so that it can achieve the 
study objective. We chose the sample based 
on specific requirements such as the pre-
service teachers who took the specialization 
of science with the number of pre-service 
teachers was 24. Thus, the sample selection 
technique in this study was purposive 
sampling. The instrument used to measure 
the ability of scientific explanation in this 
study was 12 items of multiple-choice 
questions.  
 The analysis of data in this study used both 
quantitative and qualitative. Quantitative data 
were analyzed using paired sample t-test with 
prerequisite tests for normality in advance. The 
analysis of qualitative data was performed with 
flow models (Miles et al., 2018) on the results of 
semi-structured interviews and think aloud. The 
Observation 
• Interview
Qualitative
•Pretest
•Treatment
•Posttest
Quantitative
• Interview
•Think aloud
Qualitative
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data was reduced by grouping them into two main 
groups, namely pre-service teacher behavior 
during the learning process and pre-service 
teachers’ mindset during semi-structured 
interviews and think aloud. After that, the 
findings were synthesized to get a general 
description of scientific ability reflected in pre-
service teachers' behavior during learning and 
their mindset during semi-structured interviews 
and think aloud. In the think-aloud method, 
someone is asked to express aloud any words that 
her/his thinking at first receiving a problem to 
solving the problem (Rofiki et al., 2017b).  
 
 RESULTS AND DISCUSSION 
Pretest and Posttest Scientific Explanation 
Data 
The scientific explanation test was carried 
out before and after the treatment was given. 
The scientific explanation test data were used 
to measure pre-service teachers’ scientific 
explanation abilities related to the material of 
motion, force, and energy that had been 
learned. The findings of pre-service teachers’ 
scientific explanation test on the pretest and 
posttest were presented in Table 1. 
As shown in Table 1, it can be seen that 
the average pretest of pre-service teachers 
was 19.8, with a standard deviation of 12.45. 
Meanwhile, the average posttest of pre-
service teachers was 42.07, with a standard 
deviation of 15.97.  
Based on Table 1, the claim indicator 
indicates that the pre-service teachers' pretest 
score was 33.42, while their posttest score 
was 39.49. In the evidence indicator, the pre-
service teacher pretest score was 19.87, and 
their post-test score was 40.97. Whereas in 
the explanation indicator, pre-service 
teachers got 21.00 for their pretest score and 
45.75 for their posttest score. 
The results of the normality test indicate 
that the data were normally distributed with a 
significance of 0.341>0.05. Since the data 
were normally distributed, the hypothesis 
was tested using parametric statistics. 
Hypothesis testing was done by paired 
sample t-test method.  
The results of the paired sample t-test 
found that the coefficient of the t-test was 
8.28, with a significance of 0.00. Thus, it can 
be concluded that there is a difference 
between the pre-service teachers’ pre-test 
and posttest in scientific explanation. Based 
on the results of the average pretest and 
posttest scores, it can be concluded that the 
posttest scores are greater than their pretest 
scores. 
 
Table 1. Scientific explanation T-Test analysis 
α = 0.05; df = 46; *Significant at α = 0.05 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Scientific explanation data for each 
indicator 
 
Qualitative Data Result 
Qualitative data were obtained from the 
results of semi-structured interviews and 
think aloud. Semi-structured interviews and 
think aloud were conducted on five students 
who were affected by the intervention in the 
experimental group.  
Pre-service teachers thought that all help 
links provided were very beneficial. Help 
links in questions were the provision of e-
scaffolding in e-learning. They felt more 
familiar with the concept after getting the 
help links. Additionally, pre-service teachers 
also considered that the video provided was 
very helpful in visualizing the concepts to be 
learned.  
Some scaffolding assistance steps 
provided also helped pre-service teachers 
solved problems gradually. Pre-service 
teachers also better understood why an event 
occurs. However, they did not understand the 
reasons for their answers. Through 
Sample N Mean SD t p-value 
Pretest 24 19.80 12.45  
8.28 
 
0.000* Posttest 24 42.07 15.97 
Mean Gain - 22.27 - 
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scaffolding claims, evidence, and 
explanation, pre-service teachers found it 
easier to connect theory with existing 
problems. 
After understanding how to learn in the 
lecture process, before lecturing pre-service 
teachers were enthusiastic about preparing 
material to be studied. They actively open 
YouTube, Ruangguru, and Quipper to access 
material concepts to be studied. This had 
resulted in pre-service teachers being very 
active in their opinions in solving problems 
in class.  
During the interview process, pre-service 
teachers were given one of the problems 
discussed in the course. When solving 
problems in the claims and evidence sections, 
pre-service teachers still remembered the 
concepts that had been taught correctly. In 
the explanation stage, they were able to 
explain the relationship between theory and 
problems very well and in detail. The 
explanation in verbal terms was better than 
their answered during the posttest. 
As an example, an instrument in e-
learning for measuring the pre-service 
teacher’s scientific explanation is shown in 
Table 2. The pre-service teacher was asked to 
determine the type of motion experienced by 
Object 1 and Object 2. Table 2 shows the 
time and distance data of two objects that are 
moving from rest conditions. 
 
Table 2. The Time and Distance Data of Two Objects 
 
Object Time (s) Distance (m) 
1 1 8 
 2 16 
 3 24 
2 1 3 
 2 12 
 3 27 
 
The pre-service teacher gave a claim that 
Object 1 and Object 2 are examples of one-
dimensional motion with constant velocity 
and one-dimensional motion with constant 
acceleration. Evidence was given by the pre-
service teacher for Object 1, namely constant 
velocity, zero acceleration, and equal 
distances in equal intervals of time, while for 
Object 2, namely, the velocity changes 
regularly, and the acceleration is constant. 
The pre-service teacher also gave reasoning. 
Object 1 experiences a constant velocity of 8 
m/s, and its acceleration is 0, whereas for 
Object 2, velocity changes regularly, and its 
acceleration remains 3 m/s2. The pre-service 
teacher’s answer to motion material is 
presented in Figure 4. In evidence Object 1, 
the pre-service teacher initially responded 
incomplete, namely changes in the distance 
of each unit of time and answered incorrectly 
on reasoning, which is experiencing a 
velocity of 3 m/s (changing regularly). By 
guiding questions from the lecturer, the pre-
service teacher could improve her answer 
toward both evidence and reasoning. The 
pre-service teacher realized her mistake so 
that she did an investigation about her 
response. The pre-service teacher corrected 
her solution. 
 
 
 
 
Figure 4.  Pre-service teacher’s answer to motion 
material in e-learning 
 
Discussion 
Based on the data of scientific explanation 
ability presented in Table 1 and Figure 3, it 
can be inferred that the scientific explanation 
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ability of pre-service teachers in the claim 
and evidence aspects data was quite good. 
However, in the aspect of the explanation, it 
was still lacking.  
In general, pre-service teachers were able 
to determine the answer when given a case. 
However, they were often confused when 
asked why they chose the answer. The 
following is one of the pre-service teacher's 
answers to one of the questions. 
Q: “Suppose you were given two plasticine balls 
that had the same size, shape, and mass. If one of 
the plasticine balls was squeezed to flat shape, 
then what aspect that change it? Give your 
explanation.” 
A: “Plasticine. When plasticine is squeezed, it 
will have a different shape, but the size and mass 
still stay the same.” 
The pre-service teacher was indeed 
correct in making claims and evidence, but 
they had not explained the explanation. 
Probosari et al. (2016) stated that most 
students are right in explaining the facts in a 
problem, but they are often confused when 
asked what their reasons are for answering 
that. Pre-service teachers, in general, can 
explain claims and evidence well but have 
difficulty in making explanations (Nurhayati 
et al., 2016).  
Some previous studies are in line with the 
result of this study. Kim et al. (2018) 
discussed the students’ scientific explanation 
abilities, especially in constructing 
arguments in PBL learning with scaffolding. 
The argument of students who learned by 
using scaffolding in PBL was better than the 
argument of students who learned only by 
PBL. McNeill et al. (2006) revealed that the 
scientific explanation ability of students 
increased significantly both in the aspects of 
claim, evidence, or explanation. However, 
students who were given scaffolding had a 
better explanation than those who were given 
written instructions. Additionally, a study by 
Oktavianti et al. (2018) reported that the 
students’ scientific explanation ability 
increases after they learn in blended learning 
with scaffolding.  
Our research differs from previous studies 
because e-scaffolding in this study is 
integrated with a worksheet on the web. On 
the online worksheet, some links are forms of 
procedural e-scaffolding that help pre-
service teachers solve problems. 
Additionally, there are steps of problem-
solving in the online worksheet that allows 
pre-service teachers to give a scientific 
explanation in the claim, evidence, and 
reasoning. Scaffolding used in the learning 
process refers to assistance provided so that 
students complete assignments that may not 
be achieved by students (McNeill et al., 
2017). The result is in line with research by 
González‐Howard & McNeill (2019) and 
Yuriev et al., (2017), which reported that 
scaffolding improves students' understanding 
and problem-solving abilities. If no links are 
provided, students will feel confused in 
solving the given problem. 
 
CONCLUSION AND SUGGESTION 
The scientific explanation ability is a 
crucial competency to be possessed by a pre-
service teacher. Students’ scientific 
explanation ability who studied by using e-
scaffolding in blended learning was higher 
than the scientific explanation ability of 
students before using e-scaffolding in 
blended learning. Based on the interview 
results, it is known that the response of pre-
service teachers was very good in the use of 
e-scaffolding in blended learning. They were 
also more structured in solving the problem 
by involving scientific explanation. 
Therefore, educators should apply an e-
scaffolding strategy to foster pre-service 
teachers’ or students’ scientific explanations. 
For further study, it is imperative to explore 
the characteristics of e-scaffolding that can 
promote pre-service teachers (students) 
scientific explanations optimally. 
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